INTRODUCTION
Biodiesel is a biofuel produced from vegetable oils and fats. It is produced by a chemical process known as transesterification whereby either ethanol or methanol is reacted, in the presence of a catalyst, with an oil or fat to produce an ester and glycerol. This process involves a reaction of the oil with an alcohol to remove the glycerin, which is a by-product of biodiesel production [1, 2] .
In recent years, biodiesel has been used as a renewable and commercial substitute for the fossil diesel due to its properties which are close to that of fossil diesel [3] . Also, biodiesel is popular in under developed and developing countries, due to improvement in the local employment, savings in foreign exchange etc. When biodiesel is used as fuel in a diesel engine, considerable reduction in the engine emissions, such as hydrocarbon, particulate and carbon monoxide emissions, have been reported in literature [4] . Biodiesel is considered a renewable substitute for fossil diesel, but its poor oxidative stability is an obstacle to its complete acceptance by diesel engine manufacturers.
India imports more than 65% of crude oil from other countries to meet its energy requirements and the demand for diesel and gasoline increases every year [5] . It has been reported in literature that the demand for diesel was 66.90 Mt in the year 2011 -2012. Hence, as part of steps taken by the Government of India biodiesel and alcohol are being considered as a renewable substitute for the petroleum fuels [6] . In India, biodiesel is mainly produced from non-edible oils as there is demand for the edible oils [7] .
Many vegetable oils contain a significant amount of fatty acids with double bonds, which results in their biodiesel instability. Sediment and gum formation and fuel darkening takes place due to oxidation, and this may cause filter plugging, injector fouling, and depositions in the engine combustion chambers and fuel injection components [8] . Abderrahim et al [9] studied the long storage stability of biodiesel prepared from vegetable oils such as high oleic sunflower oil, high and low erucic Brassica carinata oil and used frying oil. Their results showed that the acid value, density and viscosity of the biodiesel increases with increase in storage time. McCormick et al. [10] examined the factors impacting the stability of biodiesel samples collected as part of a 2004 nationwide fuel quality survey in the United States. They noticed that the polyunsaturated content has the largest impact on both increasing insoluble formation and reducing the induction time.
From the literature it is clear that the rate of oxidation of fatty compounds depends on the number of double bonds and their position. Linoleic acid is more susceptible to oxidation because it contains double bonds. In general, the fatty acids with conjugated double bonds are even more susceptible to oxidation. Addition of antioxidants to the biodiesel will increase the oxidation stability; according to the European biodiesel standard, the minimum requirement for oxidation stability in terms of induction period is 6 hours by the Rancimat method.
Abdul [11] reported that the oxidized biodiesel affects both diesel engine performance and emissions. Haiying et al. [12] reported that different types of biodiesel have different natural levels of oxidative stability, indicating that natural antioxidants play a significant role in determining oxidative stability. Several researchers [13] investigated the effectiveness of various natural and synthetic antioxidants and reported that these antioxidants improve the oxidative stability of biodiesel at varying concentrations between 250 and 1000 ppm.
Researchers [14] used several antioxidants of biodiesel for their work. The results showed that propyl gallate was the best antioxidant for the Jatropha biodiesel at concentrations of 50, 150, 250, 350, 500, 650 and 750 ppm, which improved the induction time. Siddharth et al. [15] found that the influence of metal was detrimental to thermal and oxidation stability. Even small concentrations of metal contaminants such as copper exhibit nearly the same influence on oxidation stability as large amounts. Jatropha is a medium sized tree that generally attains a height of about 8 meters and is shown in Figure 1 . It is a tropical plant that can be grown in low to high rainfall areas. In India, Jatropha oil is preferred for biodiesel production as this is non-edible and has considerable potential for the production of biodiesel. Jatropha oil is a thick yellow-orange oil and is extracted from seeds. The oil is non-edible and hence it is used as a fuel for cooking and lamps in rural India [16] .
The toxicity of Jatropha curcas to animals and humans is due to the presence of substances such as phorbol esters, lectin etc. Rakshit et al [17] used alkali and heat treatments to deactivate the toxic components such as phorbol ester and lectin present in the Jatropha meal. They are carrying out further studies for the complete detoxification of Jatropha curcas meal for use in livestock feed. Harinder et al [18] reported that the local communities in Mexico consume Jatropha platyphylla seeds after roasting, because heattreated Jatropha platyphylla kernel meal is free of trypsin inhibitor and lectin activity.
MATERIALS AND METHODOLOGY
In this work, biodiesel was produced from non-edible Jatropha oil by a two-step transesterification process. A gas chromatography (GC) analysis was carried out to determine the fatty acid composition of the Jatropha biodiesel. The effect of antioxidants on the stability of the biodiesel was assessed using the Rancimat test method. The commercial anti-oxidants butylated hydroxyanisole (BHA), butyl-4-hydroxytoluene (BHT) and propyl gallate (PG) were used as antioxidants in this work and their chemical structure is shown in Figure 2 . These antioxidants were added to the biodiesel at concentrations of 250, 500 and 750 ppm.
BIODIESEL PRODUCTION
The biodiesel was produced from Jatropha oil by a two-step transesterification method. The acid value of the biodiesel was reduced by esterification in the first step. In the second step, the pre-treated Jatropha oil of first step was converted into biodiesel using alkaline catalyzed transesterification. Figure 3 shows the experimental setup used for the biodiesel production.
The Jatropha oil is non-edible oil and has a higher acid value. The acid value of the Jatropha oil was reduced to below 1 mg of KOH/g of oil by an etherification process using H 2 SO 4 as the catalyst. This reaction was carried out at a methanol to oil ratio of 6:1, and at a reaction temperature of 60°C. After this reaction, the products were shifted to a separating funnel and the bottom layer, pre-treated Jatropha oil, was removed and was used in the second step transesterification. In the second step, base catalyst, potassium hydroxide pellets (1% by weight of oil), was dissolved in the methanol and this solution was transferred to the round bottom flask containing pre-treated oil. The reaction conditions maintained in the second step are a molar ratio of methanol to oil of 6:1, reaction temperature 60°C and the reaction time of 90 minutes. The reactants were heated uniformly using a water bath and the reactants were mixed using a magnetic stirrer. After the transesterification reaction, the mixture was heated above 70°C to remove the excess methanol and then the products of transesterification were taken out and poured into the separating funnel. The products of transesterification were allowed to settle by gravity in a separating funnel and two distinct layers were formed, as shown in Figure 4 . The top layer, crude biodiesel, was separated and then the crude biodiesel was washed with warm distilled water to remove the excess catalyst and impurities present in the biodiesel. Figure 5 shows the biodiesel during the water wash. After water wash, the biodiesel was separated and heated to 100°C for 10 minutes to remove the moisture.
RESULTS AND DISCUSSIONS
The biodiesel was successfully produced from Jatropha oil by a two-step transesterification and the biodiesel yield obtained was 91.5%. In literature, it is reported that the biodiesel yields obtained by conventional two step [19] , microwave [20] and ultrasonic [21] assisted transesterification are 90.1%, 89.7% and 96.4% respectively. The biodiesel sample was tested using gas chromatography to determine its fatty acid composition. Table 1 shows the fatty acid composition of the Jatropha biodiesel, and it is observed that the Jatropha biodiesel contains increased amounts of unsaturated fatty acids. These unsaturated fatty acids reduce the induction period of the Jatropha biodiesel. The properties of the Jatropha oil biodiesel are determined as per ASTM and are shown in Table 2 . From the table it can be seen that the properties of the Jatropha biodiesel are close to diesel and satisfy the biodiesel fuel standards. Also, the composition of the Jatropha biodiesel is similar to the data published in literature. Figure 6 shows the schematic of the biodiesel oxidation stability apparatus which works as per the Rancimat method. In this method oxidation is induced on the biodiesel by passing air at a rate of 10 l/h through the biodiesel sample which is kept in the heating element. The heating temperature was maintained constant at 110°C. The biodiesel vapours produced by the oxidation process along with the air enter the flask containing distilled water. An electrode is provided in the flask to measure the conductivity of the distilled water. When the conductivity readings are recorded continuously, an oxidation curve is obtained whose point of inflection is known as the induction, which provides a good characteristic value for the oxidation stability.
The induction period (IP) of the Jatropha biodiesel with different antioxidants at concentrations of 0, 250, 500 and 750 ppm is shown in Figure 7 . From the Figure it can be seen that the induction period or stability of the Jatropha biodiesel increases with increased concentration of antioxidants. From the Figure it can be seen that propyl gallate (PG) is better than other antioxidants and also significantly improves the oxidation stability of the Jatropha biodiesel. The antioxidant BHT is better than the BHA for the Jatropha biodiesel. The propyl gallate concentration of 750 ppm results in an induction period of more than 6 hours. Hence, for the Jatropha biodiesel, propyl gallate is the better antioxidant. 
CONCLUSION
In this work, biodiesel was produced from Jatropha oil by a two-step transesterification process. From the property analysis it is observed that the Jatropha biodiesel satisfies the biodiesel fuel standards. The gas chromatography spectra shows that the Jatropha oil contains more than 50% unsaturated fatty acids, which makes them prone to oxidation and reduces the induction period. The induction period of the Jatropha biodiesel was determined using the Rancimat test method. From the Rancimat test it is observed that the antioxidant propyl gallate (PG) at a concentration of 750 ppm results in better stability as compared to other antioxidants. 
